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ABSTRACT: 

The invention is directed to an expandable stent (10) for implanting in a body lumen, such as a 
coronary artery. The stent has an open lattice structure and is constructed so that at least one 
end section (36,38) has a thicker cross-section and corresponding greater radial strength than 
the remaining sections of the stent 
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(54) Stent having varied amounts of structural strength along its length 



(57) The invention is directed to an expandat)le 
stent (10) for implanting in a body lumen, such as a cor- 
onary artery. The stent has an open lattice structure arxJ 
is constructed so that at least one end section (36.38) 



has a thid^er cross-section and corresporxfing greater 
radial strength than the remaining sections of the stent. 
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Description 

BACKGROUND OF THE INVENTION 
Reld of the Invention 

This invention relates to expandable endoprosthe- 
sis devices, generally referred to as stents, which are 
adapted to be implanted into a body lumen of a patient 
such as a blood vessel or coronary artery, to maintain 
the patency thereof. These devices are useful in the 
treatment of atherosclerotic stenosis in blood vessels. 

Stents generally are tubular-shaped devices which 
function to hold open a segment of a blood vessel or 
other anatomical lumen. Stents are particularly suitable 
for use to support and hold back a dissected arterial lin- 
ing, which can occlude the fluid passageway there- 
through, arxj to hold open a coronary artery after an 
angioplasty procedure. 

Further details of prior art stents can be found in 
U.S. Patent 3,868,956 (Alfidi et al.); U.S. Patent 
4,512.338 (Baiko et al.); U.S. Patent 4.553.545 (Maass 
et al.); U.S. Patent 4,733.665 (Palmaz); U.S. Patent 
4.762,128 (RosenWuth); U.S. Patent 4.800,882 (Gian- 
turco); U.S. Patent 4,856.516 (Hillstead); and U.S. Pat- 
ent 4.886,062 (Wiktor). 

Various means have been descrit)ed to deliver and 
implant stents. One method frequently desaibed for 
delivering a stent to a desired intraluminal location 
includes nx}unting the expandable stent on an expand- 
able member, such as a balloon, provided on the distal 
end of an intravascular catheter, advancing the catheter 
to the desired location within the patient s body lumen, 
inflating the balloon to expand the stent into a perma- 
nent expanded condition and then deflating the balloon 
and removing the catheter. 

Prior art stent designs provide a stent that is com- 
posed of wire mesh or weave having an open lattice 
structure or patterns. The open lattice structure of the 
prior art stents generally provide uniform strength along 
the center of the stent, txit may be weak at the ends. 
This configuration may cause the prior art stents to be 
weaker at the stent ends because each portion at the 
ends has only one neighboring support portion. This 
inherent weakness at the ends of the prior art stents 
could result in the ends decreasing in diameter after 
implantation in a body lumen. 

It may therefore be important to improve existing 
stent designs to provide stronger ends while allowing 
the centers to nrraintain the radial rigidity needed to hold 
open a body lumen while at the same time maintaining 
the longitudinal flexibility of the stent to facilitate its 
delivery into the blood vessel. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention are directed 
to an expandat}le stent which is constiiicted so as to 
vary its structural sfrength along the length of tfie stent 



This variation in structural strength along the length of 
the stent is accomplished in any one of several ways, 
including by adjusting the wall thickness, by varying the 
geometry of the open lattice or mesh pattern, or by 

5 selecting the particular temper of the material used. The 
strength of the stent can be designed to vary substan- 
tially or more gradually along the lengtii of the stent. 
There can be configurations where it is advantageous to 
strengthen only one end of the stent. Such a stent wouM 
10 be useful for implantation in a tapered vessel where the 
one end of the stent is expanded to a larger diameter 
ttian the other end. This embodiment also wouW allow 
placement of the stent in ostial lesions where higher 
strength is needed at the ostial interface. 
15 The stent described preferably includes an elon- 
gated tubular body having a first end section, a second 
end section, and a central section therebetween. The 
elor>gated tubular body will have an open lattice struc- 
ture or weave that is adapted for radial expansfon from 

20 a first, compressed diameter, to a second expanded 
diameter whk^h approximates ti^e inner diameter of the 
body lumen in wfiich the stent is to be implanted. 

In one embodiment of the invention, the first end 
section has a thicker open lattice structure than does 

25 the central section or the second end section, so that 
when the stent is expanded from its first, compressed 
diameter, to tfie second, enlarged diameter, the thicker 
open lattice structure on the first erxi section will be 
stronger and nrxxe resistant to crushing forces from 

30 recoil from the body lumen. The central section and the 
second end section generally will have a uniform struc- 
tural thickness, whfoh is less than the thicker open lat- 
tice structure of the first end section. In other 
embodiments, tx)th the first end section and the secorxl 

35 end section can have a thicker open lattice structure 
than the centi^l section, so that the central section 
remains more flexible while the end sections are 
stronger and more resistant to radial crushing forces 
imposed by recoil of the body lumen. 

40 In another embodiment of the invention, the first 
end section has an arcuate section with a thfoker open 
lattice structure than does the central section or the sec- 
ond end section, so that when tiie stent is expanded 
from its first compressed diameter, to the second. 

45 enlarged diameter, the arcuate section with the thicker 
open lattice structure of the first end section will be 
stronger and more resistant to crushing forces from 
recoil from the body lumen. An arcuate section of the 
stent is defined as a portion of the circumference of the 

50 Stent when it is viewed from an end. Another way to 
define an arcuate section is to say that it is an arc of the 
outer surface of the stent when viewed from an end. In 
this embodiment, the remainder of the first end section, 
the central secbon. and the secorxi end section gener- 

55 ally will have a uniform stioictural thickness, whfoh Is 
less than the arcuate section of the thicker open lattice 
structure of the first end sectioa In other embodiments, 
the entire stent lattice structure can have a thicker arcu- 
ate section of tfie open lattice structure ttian the remain- 
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ing sections, so that the remaining sections remain 
more flexible while the thicker arcuate sections on the 
stent open lattice structure are stronger and more 
resistant to lateral crushing forces. 

In one embodnr>ent, the stent generally includes a 
plurality of radially-expandable cylindrical elements 
which are relatively independent in that each has ability 
to expand and to flex relative to the others. The individ- 
ual radially-expandable cylindrical elements of the stent 
are dimensioned so as to be longitudinally shorter tfian 
their own diameters. Interconnecting elements or struts 
extending between adjacent cylindrical elements pro- 
vide increased stability and preferat)ly are positioned to 
prevent warping of the stent upon the expansion 
thereof. The resulting stent structure is an open lattice 
having a series of radially-expandable cylindrical ele- 
ments which are spaced dosely enough bngitudinalty 
so that small dissections in the wail of a body lumen 
may be pressed back into position against the lumen 
wall, but not so closety as to compromise the longitudi- 
nal flexibility of the stent The individual cylindrical ele- 
ments cumulatively provide a stent which is flexWe 
along its fongrtudinal axis, but which is stronger toward 
at least one end section, to resist collapse in the areas 
where each portion of the stent has only one neighbor- 
ing portion of pattern for cylindrical strength. 

A stent embodying features of ttie invention can be 
delivered readily to the desired body lumen location by 
mounting it on an exparxiable member, for exannple, a 
balloon of a delivery catheter, and passing the catheter- 
stent assembly through the body lumen to tiie implant 
site. A variety of means for securing the stent to the 
expandable member on the catiieter for delivery to the 
desired location are available. It presentiy is prefen-ed to 
compress the stent onto the balloon. Ottier means to 
secure the stent to the t)alloon include providing a 
retractable sheath over the stent, providing ridges or 
collars on the inflatable member to restrain lateral 
movement of the stent, or using bioresort)able tenrpo- 
rary adhesives to hold the stent on tiie t>alloon. 

The presentiy preferred structure for the expanda- 
ble cylindrical elements which form the stents generally 
are circumferential undulating pattems, e.g., a generally 
serpentine pattern. The transverse cross-section of the 
undulating component of the cytindricat element is rela- 
tively small, and preferably has an expansion ratio of 
about 1.0 to 4.5. The open, reticulated structure of the 
stent allows for the perfusion of blood over a large por- 
tion of the arterial wall, which can accelerate the healing 
and repair of a damaged arterial lining. 

The cylindrical structures of the stent are plastically 
deformed when expanded (except when nickel-titanium 
(NiTi) alloys are used to form the stent), so that the stent 
will remain in the expartded condition. Therefore, the 
cyitndrical structures must be sufficientiy rigid when 
expanded to prevent thie collapse tiiereof in use. Fur- 
thermore, because at least one end sectiori of tfie stem 
is formed of material that is thicker than the material of 
the stent nearer the center section, there is less chance 



that an end (or ends) of the stent will collapse after the 
stent is exparKled and placed in the desired body 
lumen. During expansion of the stent, portfons of the 
undulating pattern will tip outwardly, resulting in project- 

5 ing menr^Ders on the outer surtace of the expanded 
stent. These projecting members tip radially outwaidly 
from the outer surface of the stent and become embed- 
ded in the vessel wall and thereby help secure the 
expanded stent became so that it does not move once it 

w is implanted. 

When the stent is made from siperelastic NiTi 
alloys, expansion occurs when the stress of connpres- 
sion is renrjoved. thereby allowing the phase transforma* 
tion of the alloy from the austenite phase back to the 

15 martensrte phase. 

The elor>gated elements which interconnect acja- 
cent cylindrical elements should have a transverse 
CTOss-section similar to the transverse dimensions of 
the undulating components of the expandable cylindri- 

20 cal elements to which the elongated elements are 
attached. Thus, the first and second end sections of the 
stent are stronger because they are made from thicker 
material, and the elongated elements interconnecting 
ttiose end sections should be correspondingly thicker 

25 and. thus, correspondingly stronger than those elon- 
gated elements which interconnect adjacent cylindrical 
elements towards the center section of the stent. 

Other features and advantages of the present 
invention will become more apparent from the following 

30 detailed description of the invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWIMGS 

35 FIGURE 1 is an elevational view, partially in sec- 
tion, of a stent embodying features of the invention, 
which is mounted on a delivery catheter and disposed 
within an artery. 

FIG. 2 is an elevational view, partially in sectioa 
40 Similar to the view shown in FIG. 1 . wherein tiie stent is 
expanded within an artery, pressing tine dissected arte- 
rial lining against tiie arterial wall. 

FIG. 3 is an elevational view, partially in section, 
showing the expanded stent wittiin ttie artery after the 
45 delivery catheter has been withdrawn. 

FIG. 4 is a perspective view of a stent embodying 
features of tiie invention in an unexparxied state, with 
one end of the stent being shown to illustrate one 
embodiment of the invention where thicker material is 
50 used to sf engthen the end of the stent. 

FIG. 5 is a plan view of a flattened section of a stent 
embodying the invention, which illustrates the undulat- 
ing pattern of the stent shown in FIG. 4. and identifies 
one embodiment of the invention where one end of the 
55 stent is made of thicker material for added strength. 

FIG. 6 is a schematic representation of laser equip- 
ment for selectively cutting tubing in the manufacture of 
the stents embodying the present invention. 

FIGS. 7 through 1 1 are perspective views schemat- 
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icaily illustrating different stent configurations wherein 
both end sections of the stent have expandable ele- 
ments that are maoe of thicker material than the central 
section. 

FIG. 12 is an enlarged, partial view of the stent of s 
FIG. 5. taken along lines 12-12. with the various non- 
end members slightly expanded. 

FIG. 13 is a perspective view of a non-end portion 
of the stent of FKl 4. after it is fully expanded, depicting 
some members projecting radially outwardly. w 

FK3. 14 is an enlarged, partial perspective view of 
one U-shaped member with its tip projecting outwardly 
after expanstoa 

FIG. 15 is a cross-sectional view depicting a stent 
configuration wherein the thickness of the cylindrical is 
elements is substantially greater at each end of the 
stent than near the center of the stent. 

FIG. 16 is a cross-sectional view depicting a stent 
configuration where the thickness of the cylindrical ele- 
ments gradually inaeases from the center of the stent 20 
toward each end of the stent 

FIG. 17 is a aoss-sectional view depicting a stent 
configuration where the thickness of the cylindrical ele- 
ments substantially increases at only one end of the 
stent, and wherein the thickened area may extend for 25 
more than one element. 

FIG. 18 is a cross-sectional view depicting a stent 
configuration wherein the thickness of the cylindrical 
elements gradually inaeases toward only one end of 
the stent ^ 

FKa. 19 is an erxi-view depicting a stent configura- 
tion wherein tiie thickness of an arcuate section of the 
open lattice structure of tiie stent is substantially thicker 
than an adjacent arcuate section. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The stent described generally is delivered intralumi- 
nally using a conventional balloon catiieter. as is known 4o 
In the art The stent primarily is used to ensure the pat- 
ency of tfie txxjy lumen in which it is implanted. For 
example, tiie stent preferably will be implanted in the 
coronary arteries after an angioplasty procedure, to 
reinforce the artery against recoil or to tack up a dissec- 45 
tion in the arterial wail. The stent is useful for implanting 
in other body lumens, such as the carotid arteries, the 
illiacs. and other peripheral veins and arteries. 

FIG. 1 illustrates a stent 10 incorporating features 
of tiie invention, mcxjnted on a delivery catheter 1 1 . The so 
stent preferably comprises a plurality of radially-expand- 
able cylindrical elements 12. disposed generally coaxi- 
ally, and interconnected by elements 13, disposed 
between adjacent cylindrical elements. The delivery 
catheter 1 1 has an expandable portion or balloon 14 for ss 
expanding the stent 10 wHhin coronary artery 15. The 
artery 15. as shown in FIG. 1. has a dissected lining 16 
whk:h has ocduded a portion of the arterial passage- 
way. The ends of tiie stent have thicker elements which 



provide greater strength and resistance to collapse from 
recoil of the body lumen or artery 15. 

The delivery catheter 1 1 onto which ttie stent 10 is 
nwunted. is essentially the same as a conventional bal- 
loon dilatation catheter used for angioplasty proce- 
dures. The balkx>n 14 may be formed of suitable 
materials such as polyetfiylene, polyethylene terephtha- 
late, polyvinyl chloride, nylon and ionomers such as the 
ionomer manufactured urxler tiie trademark "SURLYN" 
by tiie Polymer Products Division of the Du Pont Com- 
pany. Otiier polymers also may be used. 

In order for the stent 10 to remain in place on the 
baJfoon 14 during delivery to the site of the damage 
wittiin the artery 1 5, the stent 1 0 is compressed onto the 
balloon. A retractable protective delivery sleeve 20 may 
be provided to further ensure ttiat ttie stent stays in 
place on tiie expandable portion of the delivery catheter 
11. and to prevent atxasion of the body lumen by tiie 
open surface of ttie stent 10, during delivery to the 
desired arterial location. Otiier means for securing ttie 
stent 10 onto the balloon 14 also may be used, such as 
providing collars or ridges on the ends of ttie working 
portion (i.e.. the cylindrical portion) of the balloon. 

Each radially-expandaljle cylindrical element 12 of 
ttie stent 10 may be expanded independently of any 
ottier. Therefore, the balloon 14 may be provided with 
an Inflated shape that is other ttian cylindrical, for exam- 
ple, an inflated tapered shape, to facilitate implantation 
of the stent 10 in a variety of body lumen shapes. 

The delivery of ttie stent 10 is accomplished in ttie 
foUowing manner. The stent 10 first is mounted onto ttie 
inflatable balloon 1 4 on ttie distal extremity of the deliv- 
ery cattieter 11. The balloon 14 is slightly inflated to 
secure the stent 10 onto the exterior of the balloon. The 
catheter-stent assembly is introduced to the vasculature 
of the patient witti a conventional Seldinger technique 
tfirough a guiding catheter (not shown). A guide wire 18 
is disposed across a stenosed area or the damaged 
arterial section having a detached or dissected lining 
16, and ttien the catheter-stent assembly is advanced 
over a guide wire 18 wittiin the artery 15 until ttie stent 
10 is directiy under the detached lining 16. The balloon 
14 of the cattieter is expanded, expanding the stent 10 
against ttie artery 15. whfoh is illusfrated in FIG. 2. 
While not shown in the drawing, the artery 15 preferably 
is exparxfed slightiy by the expansion of the stent 10 to 
seat or ottienwise fix the stent 10 to prevent nrwvement. 
In some circumstances during the treatment of stenotic 
portions of an artery, the artery may have to be 
expanded in order to facilitate passage of blood or other 
fluid ttierethrough. 

In a prefen-ed embodiment, stent 10 serves to hold 
open ttie artery 15 after ttie catheter 1 1 is wittidrawn, as 
illustrated by FIG. 3. Due to the formation of the stent 1 0 
from elongated tubular member, ttie undiiating conrpo- 
nent of ttie cylindrfoal elements of the stent 10 is rela- 
tively flat in transverse cross-section, so ttiat when ttie 
stent is expanded, the cylindrical elements are pressed 
into the wall of the artery 15 and. as a result do not 
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interfere wrth the Wood flow through the artery 15. The 
cylindrical elements 12 of stent 10 which are pressed 
into the wall of the artery 15 eventually will be covered 
with endothelial cell growth, which cell growth further 
minimizes blood flow interference. The undulating por- 
tion of the cylindrical sections 12 provide good tacking 
characteristics to preverrt stent nrwvement within the 
artery Furthermore, the cylindrical elements 12, closely 
spaced at regular intervals, provide uniform support for 
the wall of the artery 15, and at least one end of the 
stent has expanded cylindrical elements that are 
stronger, due to the material or design incorporated in 
the stent, to prevent collapse of the stent at those loca- 
tions in the kxxfy lumen. Consequently, the stents 
desaibed are well adapted to hold open a body lunnen 
or artery against recoil or to tack up and hold in place 
small flaps or dissections in the wall of the artery 15 as 
illustrated In FIGS. 2 and 3. t 

In a prefen-ed embodiment of the invention, FIG. 4 
depicts an enlarged perspective view of the stent 10 
shown in FIG. 1. with a first end section 36 of the stertt 
having cylindrical elements 12 which are thicker, from a 
material standpoint, than the central section 37. in order 
to provide a stronger section at the first end location. 
The first section 36 is stronger arxi nrx>re crush-resistant 
to arterial recoil than is the central section 37 and the 
second end section 38 (FIGS. 1-3). neither of which 
cave increased material thickness. FIG. 4 furttier shows 
the placement of interconnecting elements 13 between 
adjacent radially-exparxjable cylindrical elements 12. 
Each pair of the interconnecting elements 13 on one 
side of a cylindrical element 12 preferat)ty are placed to 
achieve maximum flexibility for a stent. In the embodi- 
ment shown in FIG. 4. the stent 10 has three intercon- 
necting elements 13 between acQacent radially- 
exparxjabie cylindrical elements 12 wNch are 120 
degrees apart. Each pair of interconnecting elements 
13 on one side of a cylindrical element 12 is offset radi- 
ally 60 degrees from tiie pair on the other side of the 
cylindrical element. The alternation of the interconnect- 
ing elements results in a stent which is longitudinally 
flexible in essentially all directions, yet is stronger at the 
first end section 36. FIG. 5 illustrates the stent of FIG. 4 
in a flattened condition to more clearly depict the undu- 
lating pattern and the tiiicker cross-section of certain 
portions of the stent. 

Referring to FIGS. 7-11. alternate embodiments of 
the stent 10 are depicted, wherein an open lattice struc- 
ture, central section 37 is in the form of a tubular mem- 
ber. Each stent is capable of being expanded from a 
first, compressed diameter to a secorxj enlarged diam- 
eter within a body lumen, such as within an artery 15 as 
depicted in FIGS. 1-3. Thus, as with the embodiment of 
the stent of FIG. 4. the embodiment of the stents 
depicted in FIGS. 7-11 are expandat>le and will deform 
beyond the elastic limit of each in order to maintain the 
patency of the body lumen or artery 15. As depicted, 
each of the embodiments shown in FIGS. 7-1 1 have a 
first section 36 and second section 38 which are of 



thicker material than is the material of central section 
37. The first and secorvj sections 36.38 are stronger 
and more resistant to recoil of the artery 15. and help 
secure the stent 10 within the artery. As described 

5 herein, the stents of FIGS. 7- 1 1 can have either the first 
end section 36 made of thicker material, or both the first 
and second sections 36.38 made of thicker material. 
Further, the material may become thicker in a tapered 
manner, as described with respect to the embodiments 

10 of FIGS. 16-18. 

A preferred configuration for the stent 1 0 is depicted 
in FKB. 4 and FIGS. 12-14. where the cylindrical ele- 
ments 12 are arranged in the form of a serpentine pat- 
tern 30. As prevkHJSly merrtioned, each cylindrical 

15 element 12 is connected to another by interconnecting 
elements 1 3. The serpentine pattern 30 is comprised of 
a plurality of U-shaped members 31. W-shaped mem- 
bers 32, and Y-shaped members 33. each having vary- 
ing radii of curvature so that expansion forces are nrxxe 

20 evenly distributed over the various members. 

As depicted in FIGS. 13 and 14. after cylindrical 
elements 12 have been radially-expandable, outwardly- 
projecting edges 34 are formed. That is. during radial 
expansion, U-shaped members 31 will tip outwardly 

25 thereby forming outwardly-projecting edges. These out- 
warcfiy-projecting edges provide for a roughened outer 
wall surface of the stent 1 0 and become embedded into 
the arterial wall, accordingly facilitating implantation. In 
other words, outwardly-projecting edges become 

30 embedded in the arterial wall, for example, into the wall 
of the artery 15. as depicted in FIG. 3. Depencfing lipon 
the dimensions of the stent 10 and the thickness of the 
various members making up the serpentine pattem 30. 
any of the U-shaped members 31, W-sh^ed members 

35 32, and Y-shaped members 33 can tip radially outwardly 
to form a projecting edge 34. It is both most likely and 
preferred tiiat the U-shaped members 31 tip outwardly, 
because these merrtjers do not join with any other con- 
necting member 13 which might prevent the U-shaped 

40 member from expanding outwardly. As can be seen in 
FIG. 13, the first end section 36 has thicker U-. W- and 
Y-shaped members than does the central section 37. 
The thicker members at the first end section 36 will pro- 
vide substantially wore support arxi will res^ crushing 

45 by recoil of the artery 1 5 than will the central section 37. 
Likewise, when both of the end sections 36. 38, as 
depicted in FIGS. 15-16 are thicker, the end sections 
provide substantially more support in the artery 15, and 
securely become embedded in the artery 15. due to the 

50 projecting edges 34 taping outwardly. 

FIGS. 15-18 schematically depict various preferred 
embodiments of the stents described. One such config- 
uration provides a stent where the thickness, and thus 
the strength, of the expandable cylindrical elements 12 

55 sii>stantially increase at the first and second end sec- 
tions 36, 38 of the stent 10. as shown in FKl 15. In 
another enrtxxliment. the expandable cylindrical ele- 
ments 12 gradually inaease in thickness toward the first 
and second end sections 36, 38, and thus gradually 
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increase in strength, nxjving axially from the center sec- 
tion 37 of the stent toward either end. as shown in FIG. 
16. In another emtxxliment shown in FIG. 17. the thick- 
ness of the expandatjie cyiindricai elements 12 sut>- 
stantially increases at the first end section 36 of the 
stent 10. Increased thickness at only the end 36 of the 
stent 10. could occur gradually as depicted in FIG. 18. 

FIG. 19 schematically depicts another preferred 
embodiment of the stent, wherein the thickness, and 
thus the strength, of the expandable cylindrical ele- 
ments 12 substantially ifKreases at arcuate sections 40 
of the open lattice structure of the stent 10. The thicker 
arcuate sectk^n 40 can be limited to a portion of the first 
end section 36 or the entire first end section, or it can 
extend longitudinally to a plurality of sections, even to 
the entire lerigth of the stent 

In the preferred embodiment, the stent 1 0 is formed 
from a metaJ alloy tube such as stainless steel tubing, 
however, it can be nnade from other metal alloys includ- 
ing, but not limited to. tantalum, nickel-titanium (NiTl), or 
from thernrx)plastic polymers. Presently, a preferred 
mode of making the stent is by direct laser cutting of a 
stainless steeJ tube, as is desaibed in commonly owned 
and co-pending U.S. Serial No. 08/345,501. filed 
November 28. 1994. entitled METHOD AND APPARA- 
TUS FOR DIRECT LASER CUTTING OF METAL 
STENTS, arxJ which has a counterpart in European 
Patent Application 95308554.5. Other nrodes of making 
the stent of the inventk>n also are contemplated. 

While the invention has been illustrated and 
desCTibed herein in terms of its use as an intravascular 
stent in the coronary arteries, it is envisioned that the 
stent will be useful in other body lumens as well. Due to 
the high strength characteristics of ttie stent primarily 
due to the ttiicker wall elements at the ends of tiie stent 
it is particularly adapted for use in the coronary arteries, 
for anchoring a graft for repairing an aortic aneurysm, 
and for deployment in peripheral veins and arteries 
throughout the body. Other modifications and improve- 
ments can be made to the invention without departing 
from the scope thereoi 

Clainrts 



1 . An Infravascular stent (10) for implanting in a body 
lumen, comprising: 

an elongated tubiiar body having a first end 
section (36) and a second end section (38). 
and a central section (37); 
sakj ek>ngated tubular member also having an 
open lattice structure and adapted for radial 
expansion from a first compressed diameter, to 
an enlarged, second diameter: and 
said first end section (36) having a thicker open 
lattice stiojcture than saki central section (37) 
arxj sakj second end section (38), so that when 
sakj stent is expanded to sakJ enlarged, sec- 
ond diameter, sakj thicker open lattice structure 



of sakj first end section is radially stionger and 
more crush resistant than sakj central section 
and sakj second end section. 

5 2. The stent of daim 1, wherein both sakj first end 
section (36) and second end section (38) have a 
\hKker open lattice sti-ucture than does said central 
section (37), making said first arxj second end sec- 
tions substantially radially stronger tiiah sakj cen- 

10 tral section. 

3. The stent of claim 1 , wherein sakj thicker open lat- 
tice structure gradually becomes thicker from about 
sakj central section (37) toward said first end see- 
rs tion (36). 

4. The stent of claim 1 , wherein said thicker open lat- 
tice structure of said first end section (36) is on an 
arcuate sectkjn (40) of sakj first end section. 

20 

5. The stent of claim 1 . wherein sakj thicker open lat- 
tice structure of sakj stent is on an arcuate section 
(40) of all of sakj sections (36,38,37) of sakj stent. 

25 6. A longitudinally f lexWe stent (1 0) for implanting in a 
body lumen, corrprising: 



a plurality of cylindrical elements (1 2) which are 
independently expandable in the radal direc- 
tion and which are interconnected so as to be 
generally aligned on a common longitudinal 
axis, at least some of said cylindrical elements 
having a thicker cross section than other cylirv 
drical elements: 

a plurality of connecting elements (13) for inter- 
connecting said cylindrical elements (12). sakj 
connecting elements (13) configured to inter- 
connect only saki cylindrical elements (12) that 
are adjacent to each other so that as sakj stent 
(10) is expanded radially outwardly from a first 
diameter to a second, enlarged dianieter. sakj 
cylindrical elements having sakj thicker cross- 
section provkjing sut>stantially more radial sup- 
port in the body lumen. 

7. The stent of daim 6. wherein sakI plurality of cylin- 
drical elements (12) includes a first end cylindrical 
element (36.12) and a second end cylindrical ele- 
ment (38.12), sakj first end cylindrical element hav- 
ing said thicker aoss-section than sakj other 
cylindrical elements. 

8. The stent of claim 7, wherein said first (36.12) arxj 
second (38.12)end cylindrical elements having sakj 
ttifcker cross-sections tfian saki otiier cylindrical 
elements. 

9. A longitudinally flexible stent (10). comprising: 
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a plurality of cylindrical elements (12) wtiich are 
independerrtly exparxiable in the radial direc- 
tion ar»d which are interconnected so as to be 
concentrically aligned on a conrtnrxDn longitudi- 
nal axis, and which are constructed such that at 
least one end (36) of said flexible stent has 
cylindrical elements (12) that are radially 
stronger than said cylindrical elements (12) 
closer to the center (37) of said stent; and 
a plurality of generally parallel connecting ele- 
ments (13) for interconnecting said cylindrical 
elements (12). said connecting elements (13) 
configured to interconnect only said cylindrical 
elements (12) that are adjacent to each other, 
so that said stent when expanded radially out- 
wardly, retains its overall length wrthput appre- 
ciable shortening. 




X) 801 A1 12 

coated with a biocompatible coating. 

5 
10 



10. The stent of daim 9, wherein said cylindrical ele- 
ments (12) are capable of retaining their expanded 20 
condition upon the expansion thereof. 

11. The stent of claim 9, wherein said radially-expand- 
able cylindrical elements (12) in an expanded con- 
dition have a length less than the diameter thereof. 25 

1 2. The stent of Claim 6 or Claim 1 1 , wherein said stent 
is formed of a biocompatible material selected from 
the group consisting of stainless steel, tantalum, 
nickel-titanium (NiTi) alloys, and thernrx^plastic pol- 30 
ymers. 

13. The stent of daim 9, wherein said connecting ele- 
ments (13) between adjacent cylindrical elements 
(12) are in axial alignment. as 

14. The stent of daim 9. wherein said connecting ele- 
ments (13) between adjacent cylindrical elements 
(12) are circumferential ly displaced with respect to 
said longitudinal axis. 4o 

15. The stent of daim 14, wherein the circumferential 
displacement of said connecting elements (12) 
between adjacent cylirxlrical elements (12) is uni- 
form. 45 

16. The stent of claim 9, wherein there are up to four of 
said connecting elements (13) disposed between 
adjacent radially-expandable cylindrical elements 

(12). 50 



1 7. The stent of claim 1 2. wherein said radially-expand- 
able cylindrical elements (12) and said connecting 
elements (13) are nr^e of the same material. 

18. The stent of Claim 6 or Claim 9. wherein said stent 
is formed from a single piece of tubing.*. 



19. The stent of daim 6 or claim 9. wherein the stent is 
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